Background: It has been reported that approximately one-third of patients undergoing cardiovascular surgery experience paroxysmal atrial fibrillation (AF) during the postoperative period. There is, however, little information on the selection of anti-arrhythmic drugs for terminating postoperative paroxysmal AF.
t has been reported that 27-39% of patients undergoing open-heart surgery experience paroxysmal atrial fibrillation (AF) during the postoperative period. 1,2 Because postoperative AF may induce deterioration of cardiac hemodynamics, increase the incidence of serious complications such as ventricular tachyarrhythmia and ischemic stroke, 1-3 prolong hospitalization and thereby increase health-care costs, and worsen the clinical course after surgery, 4-6 prompt treatment of postoperative AF would decrease health-care costs during hospitalization and improve the prognosis of patients following cardiovascular surgery. But although there have been many reports published on the efficacy of prevention of paroxysmal AF with anti-arrhythmics in patients after cardiovascular surgery, 4,6-10 few reports have been published on pharmacological termination of postoperative AF. It has been reported that AF recurs in approximately 25% of patients with paroxysmal AF within a few minutes after sinus rhythm has been restored with electrical cardioversion. 11 Because it is difficult in some patients to maintain sinus rhythm with cardioversion alone, anti-arrhythmic drugs 12 are added or cardiac pacing 13 is used before and after cardioversion.
The aim of the present study was therefore to carry out a prospective comparative study of the efficacy and safety of cibenzoline and disopyramide in controlling paroxysmal AF after cardiovascular surgery.
Methods
A total of 428 consecutive patients (279 men and 149 women; mean age 65±13 years; range 20-88 years) who were due to undergo heart/aortic surgery at Iwate Medical University
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Hospital between April 2007 and March 2009 and in whom continuous sinus rhythm was confirmed preoperatively, participated in the present study after exclusion of 31 patients with chronic AF from among 459 candidate subjects. Prior to surgery, all patients were evaluated on chest X-ray, 12-lead electrocardiogram (ECG), transthoracic echocardiography, pulmonary function testing, and other non-invasive examinations. When the attending physicians considered it necessary, patients underwent additional assessments such as exercise tolerance testing, transesophageal echocardiography and cardiac catheterization. Patients were interviewed for history of paroxysmal AF and history of heart/aortic disease, and medical records were reviewed for types of drugs that had been used before surgery, C-reactive protein level, hepatic/renal function, and operative category.
The following patients were excluded from the study: those with serious bradyarrhythmia (eg, sick sinus syndrome, atrioventricular block, or intraventricular conduction defect); those with ejection fraction ≤50% on transthoracic echocardiography; those with abnormal hepatic/renal function test results; those who might be pregnant; those with urinary retention or glaucoma; and those with a history of drug allergy.
Anti-Arrhythmic Therapy
When AF was detected on continuous 12-lead ECG monitoring in each participant during the observation period following surgery, the investigators confirmed that the patient had a preoperative ejection fraction ≥50% and randomized the patient to treatment with cibenzoline 70 mg or disopyramide 50 mg using the envelope method. The drugs were dissolved in 50-100 ml physiological saline and infused iv over 5-10 min. The treatment was considered to be effective when sinus rhythm was restored within 60 min after termination of iv infusion, and the patient was followed for adverse events. When AF lasted after the treatment, the patient underwent cardioversion under iv anesthesia with thiopental. Under this treatment, patients were observed closely for presence or absence of AF recurrence. Prior to the initiation of test treatment with cibenzoline or disopyramide, we explained the necessity for use of an anti-arrhythmic drug and possible adverse effects before obtaining oral or written informed consent from each subject.
Definitions
Postoperative paroxysmal AF was defined as ECG findings consistent with AF that continued for at least 5 min during hospitalization. 6,13 Transient ischemic attack was defined as the occurrence of neurological signs/symptoms that disappeared spontaneously within 24 h after onset. Ischemic stroke was diagnosed on the basis of occurrence of neurological signs/symptoms and detection of an ischemic lesion 3 mm in size on brain computed tomography or magnetic resonance imaging. Patients with paroxysmal AF were classified into the following 3 categories according to when episodes of palpitations developed: diurnal type (episodes occurred from 07:00 hours to 17:00 hours); nocturnal type (episodes occurred from 17:00 hours to 07:00 hours); and mixed type (episodes occurred both diurnally and nocturnally). 14, 15 Hypertension was defined according to the Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH2009). 16 
Statistical Analysis
Continuous data are expressed as mean ± SD. Between-group comparisons were performed using Mann -Whitney U-test for continuous variables and the chi-square test for non-continuous variables. The independent predictors for terminating postoperative paroxysmal AF were analyzed on multivariate logistic regression. In all of these tests, P<0.05 was taken as indicating a significant difference.
Results

Incidence of Postoperative Paroxysmal AF vs Patient Characteristics
Postoperative paroxysmal AF developed in 118 of the 428 participants (27.6%; 76 men and 42 women; mean age 68±10 years). A comparison between patients in the cibenzoline 
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group (n=60) and those in the disopyramide group (n=58) indicated no significant differences in demographic clinical characteristics, drug treatment before surgery, surgical procedure, and several pre-or postoperative findings (operative findings, or postoperative findings; Tables 1-3 ).
Efficacy and Safety in Controlling AF With iv Anti-Arrhythmic Therapy AF was terminated in 28 of the 60 patients receiving cibenzoline (47%) and in 14 of the 58 patients receiving disopyramide (24%). The success rate of pharmacological cardioversion was significantly higher in the cibenzoline group than in the disopyramide group (P=0.0291; Figure) . Electrical cardioversion for patients with AF that persisted after anti-arrhythmic treatment terminated AF in all patients except 1 in the disopyramide group. Among patients who underwent coronary artery bypass grafting (CABG), AF disappeared in 12 of 18 patients receiving cibenzoline (67%), and in 5 of 11 patients receiving disopyramide (45%); there was no significant difference between the 2 groups. Among patients who underwent surgery other than CABG, AF disappeared in 16 of 42 patients receiving cibenzoline (38%), and in 9 of 47 patients receiving disopyramide (19%); there was no significant difference between the 2 groups. No patients experienced serious adverse drug effects requiring discontinuation of anti-arrhythmic therapy. Data given as mean ± SD or n (%). RAAS, renin-angiotensin-aldosterone system; AAD, anti-arrhythmic drug. Other abbreviation see in Table 1 . KOMATSU T et al. Tables 1-3 . Tables 1-4 .
Predictors of Successful Pharmacological Cardioversion With iv Cibenzoline and Disopyramide
On multivariate logistic analysis adjusted for differences in baseline confounding factors, independent predictors of successful pharmacological cardioversion with iv cibenzoline therapy were concomitant use of oral β-adrenergic blockers (odds ratio (OR)=8. Table 5 ).
Discussion
According to the 2007 American College of Cardiology/ American Heart Association (ACC/AHA) guidelines, it has been reported that the administration of β-blockers prior to surgery decreases perioperative cardiovascular events and improves the prognosis among patients with moderate or severe cardiovascular risk as well as those in vascular surgery with moderate or severe invasive operations. 17 In particular, pretreatment with β-blockers limits the onset of paroxysmal AF after cardiovascular surgery: 18 meta analysis also confirmed these effects of preventing postoperative AF (36-39%), 7.8 and they are classified under class I indications. 19 Increases in exogenous and endogenous catecholamine levels are cited as one of the causes of postoperative AF, 20 and β-blockers are considered reasonable drugs of choice from the viewpoint of their pharmacological action. In Japan as well, pretreatment with β-blockers has been reported as an independent predictor of the prevention of AF after CABG 10 and was an independent predictor that facilitated the terminating effects of class I anti-arrhythmic drugs in the present study.
Recently, detailed analysis of 24-h ambulatory ECG has shown that paroxysmal AF tends to develop at particular times of the day and that the autonomic nervous system plays an important role in inducing AF. 21 We previously reported that development of postoperative paroxysmal AF peaked at around 03:00 hours and 15:00 hours and was more common during the daytime. Coumel suggested that development of paroxysmal AF may be related to activation of the sympathetic nervous system, on the basis of the finding that patients with heart disease tend to experience paroxysmal AF more often during sympathetic nervous system activation. 22 It has also been reported that β-blockers are effective in preventing postoperative paroxysmal AF. 1,7-10 These findings suggest the existence of a relationship between paroxysmal AF and activation of the sympathetic nervous system.
The 2006 ACC/AHA/European Society of Cardiology guidelines recommend oral amiodarone and sotalol to prevent paroxysmal AF after cardiovascular surgery and iv ibutilide to terminate it. 23 It is known that some patients requiring cardiovascular surgery have impaired cardiac function resulting from underlying heart disease. Class I anti-arrhythmic drugs, causing possible deterioration of the cardiac function and/or inducing proarrhythmia, may lead to increased adverse drug reactions in these patients. Therefore, in the present study we investigated patients without impaired left ventricular contraction characterized by a left ventricular ejection fraction of ≥50% on preoperative transthoracic cardiac ultrasonography; no serious adverse drug reactions were observed at the standard dose for iv infusion of cibenzoline and disopyramide. Because class I anti-arrhythmic drugs have negative inotropic effects, these drugs should not be used iv in patients with an impaired left ventricular systolic function.
In contrast, according to studies conducted in Europe and the USA on the effects of disopyramide to terminate postoperative paroxysmal AF, all evaluations were made at 12 h after administration. 24- 27 The effects of a placebo to terminate paroxysmal AF, however, were reported to be 15% at 1 h 28 and 48% at 8 h. 29 In the present study we investigated the terminating effects of iv cibenzoline and disopyramide at 1 h after administration to exclude the placebo effect as much as possible.
The superior efficacy of cibenzoline for terminating postoperative paroxysmal AF compared with disopyramide might be due to differences in the channels blocked by cibenzoline and disopyramide: Cibenzoline inhibits the IKur channel, which is specifically distributed in atrial muscle cells, as well as sodium channels, the IKs channel, and calcium channels, while disopyramide does not inhibit these channels. 30 But it is impossible at present to specify the most important pharmacological mechanism of termination of AF in individual patients in the clinical setting. Further investigation is needed to determine this.
In the present study, predictors of successful pharmacological cardioversion with iv cibenzoline and disopyramide therapy were smaller left atrial dimensions and use of oral β-adrenergic blockers. It has been reported that the period of AF, 31 size of left atrial dimension, 32 and presence of underlying heart disease 33 may affect the efficacy of pharmacological cardioversion in patients with paroxysmal AF. In general, patients with a prolonged history of AF (months -years) may exhibit an increase in left atrial dimension due to progression of structural remodeling. Histopathology of patients with significant atrial dilatation indicated irreversible pathological findings such as degeneration and fibrillation of atrial muscle. It can be expected that the effects of anti-arrhythmic drugs on channels on the cell membrane decrease as atrial dilatation progresses.
It is well known that the underlying mechanisms involved in postoperative AF development are multifactorial. 2,3,34, 35 One of the causative mechanisms is thought to be neurohormonal activation. 36 Increased sympathetic activation alter atrial refractoriness (eg, a shortening of the atrial effective refractory periods), thus possibly contributing to the arrhythmia substrate. It has been reported by Dimmer et al that a shift in the autonomic balance with a loss of vagal tone and a moderate increase in sympathetic tone are observed before the onset of postoperative AF. 37 Several clinical trials have evaluated the efficacy of various β-adrenergic blockers on the incidence of postoperative AF, showing an overall reduction of this complication. 1,8,10 A recent meta-analysis also reported that β-adrenergic blockers had the greatest magnitude of efficacy across 28 trials (OR=0.35, 95%CI=0.26-0.49). 7 In the present study it was suggested that preoperative β-adrenergic blockers enhanced the efficacy for terminating paroxysmal AF treated with iv cibenzoline and disopyramide therapy. Thus, the present result is consistent with aforementioned reports, indicating the useful addition of oral β-adrenergic blockers to iv cibenzoline and disopyramide therapy.
Study Limitations
First, no placebo group was included in the present prospective clinical study. It has been reported that placebo can KOMATSU T et al.
terminate paroxysmal AF in 4-15% of patients within 60 min after administration. 38, 39 We cannot rule out the possibility that postoperative paroxysmal AF terminated spontaneously in some patients. But we evaluated the efficacy of anti-arrhythmic treatment over a 60-min period, which is relatively brief, and assumed that the placebo effects of cibenzoline and disopyramide were similar. We therefore believe that, with regard to patients in whom AF terminated spontaneously, there was little effect on the results. Second, we may have overlooked asymptomatic AF, because ECG monitoring was not continued until discharge from the hospital, 40 although the incidence of postoperative paroxysmal AF in the present study was similar to those in previous studies. 7, 8 Third, we did not determine serum electrolyte concentrations at the time of onset of postoperative paroxysmal AF. We therefore cannot rule out the possibility that some patients experienced transient AF due to hypokalemia or hypocalcemia. Finally, the number of subjects in the present study was limited, especially including only patients with normal or minimally impaired left ventricular function.
Conclusion
The efficacy for terminating paroxysmal AF after cardiovascular surgery in patients with normal or minimally impaired left ventricular function was significantly higher for iv cibenzoline therapy than for iv disopyramide one. Pharmacological cardioversion was achieved in approximately half of the patients receiving cibenzoline, and this therapy was considered particularly effective in patients with concomitant use of oral β-adrenergic blockers and those with smaller left atrial dimensions. Intravenous cibenzoline therapy may decrease the rate of adverse outcomes in a population at high risk for cardiovascular surgery and reduce utilization of medical resources.
